Phoenix sylvestris is an underutilized seasonal fruit in West Bengal, India. Methanol extract and extracts after alkaline hydrolysis of the mesocarp tissue of full-mature edible fruits of P. sylvestris were analyzed by GC-MS following a metabolomics approach. The fractions were tested for their antioxidant and inhibitory properties against the two key enzymes involved in diabetes, α-amylase, and α-glucosidase. Total 71 metabolites belonging to organic acids, amino acids, sugars, sugar alcohols, fatty acids, and phenols were identified in the methanol extract and in fractions after saponification. All the extracts and fractions showed high antioxidant, αglucosidase, and α-amylase inhibitory activities. Sugars like raffinose (IC 50 = 0.36 μM), sucrose (IC 50 = 0.51 μM), trehalose (IC 50 = 0.85 μM), and phenols like taxifolin (IC 50 = 0.31 μM), benzoic acid (IC 50 = 2.74 μM) inhibited only the enzyme α-amylase. Phenolic components which inhibited both the enzymes were caffeic acid (IC 50 = 1.42 μM for α-amylase and IC 50 = 1.8 μM for α-glucosidase), 3, 4-dihydroxy benzoic acid (IC 50 = 0.23 μM for αamylase and IC 50 = 2.58 μM for α-glucosidase), and quinic acid (IC 50 = 4.91 μM for α-amylase and IC 50 = 4.95 μM for α-glucosidase). Ferulic acid (IC 50 = 0.52 μM) and 4-hydroxycinnamic acid (IC 50 = 0.23 μM) inhibited only αglucosidase. This study suggested that the metabolites present in the fruit mesocarp tissue showed the potential antioxidant activity and properties to inhibit the enzymes α-amylase and α-glucosidase. Further in vivo study is to be carried out to prove the efficacy of the fruits.
Introduction
Phoenix sylvestris (L.) Roxb. (Arecaceae) is distributed in the South Asia from Pakistan to Myanmar across India, Nepal, Bhutan, and Bangladesh. [1] The fruits are edible but of inferior quality to that of the commercially important fruits of P. dactylifera. Morphologically, P. sylvestris plants have solitary trunk with a spherical crown of long, green leaves with a few short spines at the base. Pinnae are numerous, linear ending in short points. The trunk is covered by persistent bases of petioles. [2] Each fruit of P. sylvestris is about 2.5 cm long, orange yellow, rounded at the ends, and sweet in taste. Edible portion of the fruit consists of only the scaly epicarp and the fibrous mesocarp around the large seed. The plant usually grows wild and prefers moist alluvial soils. Natural regeneration takes place freely by seeds. But the naturally grown plants are also sometimes cultivated by medium category farmers and managed by landless farmers also mainly for sap production. The farmers practice their indigenous knowledge from planting through tapping for collection of sap [3] which is used for production of jaggery or gur. The sap (nira) is consumed fresh or is sometimes fermented into a drink called "toddy." P. sylvestris populations do not seem to undergo any selection based on individual qualities. From a genetic point of view, the cultivated populations therefore should have the same structure as wild ones. [1] Carotenoids, phenolic acids, flavonoids, sterols, and anthocyanins of the fruits of P. dactylifera are in report. [4] [5] [6] [7] P. dactylifera fruits are nutritious and are reported to have antioxidant, [4] [5] [6] [7] antimutagenic, [8] antihepatotoxic, [9] nephroprotective, [10] immunostimulant, [11] gonadotropic, [12] anti-inflammatory, [13] and antihyperlipidaemic [14] properties. In contrast, P. sylvestris fruits are underutilized because of their thin flesh (60 percent of the whole fruit). Fruits are considered as restorative. They may be preserved as such or made into jellies and jams. [2] Previously we reported high αamylase and αglucosidase and Angiotensin I-converting enzyme inhibitory properties of this fruit. [15, 16] Report on detailed phytochemical and pharmacological analysis of the fruits of P. sylvestris is lacking. The objectives of the present work were to profile the metabolites of the mesocarp of P. sylvestris fruits and to identify the compounds responsible for inhibiting the key enzymes α-amylase and α-glucosidase involved in diabetes.
Materials and methods

Collection of plant material
Three kilograms of orange-coloured fruits of Phoenix sylvestris at their full-mature stage, which on further ripening turns reddish brown after postharvest storage at room temperature, were collected from a single plant growing in Pichaboni village of East Midnapur district, West Bengal, India during summer in the month of May, 2012 (voucher no. 33213a) when the fruits ripen. Fruits were separated from the fruiting spadices and stored at −20ºC prior to analysis.
Reagents PNPG (p-nitrophenyl α-D-glucopyranoside), α-Glucosidase (e.g., microorganism), α-Amylase (e.g., porcine pancreas) from Sisco Research Laboratories Pvt. Ltd., India, DNSA (3, 5-di-nitro salicylic acid), starch from Sigma, USA, Adonitol, Methoxamine hydrochloride from Sigma (St. Louis, MO), N-methyl-N-trimethylsilyltrifluoroacetamide (MSTFA) with 1% trimethylchlorosilane (TMCS), Methyl Octanoate (C 8 ), Methyl Decanoate (C 10 ), Methyl Laurate (C 12 ), Myristic Acid Methyl Ester (C 14 ), Methyl Palmitate (C 16 ), Stearic Acid Methyl Ester (C 18 ), Methyl Arachidate (C 20 ), Methyl Behenate (C 22 ), Methyl Tetracosanoate (C 24 ), Methyl Hexacosanoate (C 26 ) from SIGMA ALDRICH were purchased. All the other reagents used for sample preparation were of analytical grade, and all the solvents used for GC/MS were of HPLC grade.
Extraction of metabolites from P. sylvestris fruit mesocarp
Mesocarpic tissue (120 g) was separated manually from the seeds and the epicarp of the mature P. sylvestris fruit. The mesocarp tissue was extracted modifying the method of Vera et al. [17] Crushed separated pieces were soaked in 700 ml of 50% methanol (MeOH) overnight at low temperature (4ºC) in freezer, after wrapping the whole content with black paper to protect it from light and to reduce the browning reaction. The methanol extract was evaporated to dryness under reduced pressure in a rotary evaporator to obtain the crude extract (FM). The residual mesocarp tissue (38 g), after extraction with MeOH, was rinsed repeatedly with distilled water until and unless the tissue became lighter in colour. Then it was dried in oven at 50ºC for 24 h. The dried tissue (11 g) was subjected to sequential alkaline hydrolysis under progressively more vigorous condition. [18, 19] It was extracted with 550 ml of 0.1 (M) NaOH for 24 h at room temperature in the dark (Step I). The suspension was filtered, and the residue was further extracted with 550 ml of 2 (M) NaOH under the same condition (Step II).
Each of the extracts obtained after step I and step II of alkaline hydrolysis was collected separately after filtering the solution. It was then acidified with concentrated HCl till the pH reached 2.0. The acidified solution was extracted with ethyl acetate (x3) in a separating funnel, and the organic phase was collected. The combined organic phase was evaporated to dryness under vacuum at 30ºC in a rotary evaporator. Thus, the extracts obtained were crude SI and SII from fractions after step I and step II of hydrolysis, respectively.
Preparation of sample for identification of metabolites of P. sylvestris fruits FM (30 mg) was dissolved in MeOH: water (1:1). SI and SII (10 mg each) were dissolved in 2.5 ml MeOH. Adonitol (20 µl of 0.2 mg/ml solution) was added as internal standard. Each of the sample solutions was distributed into Eppendorf tubes (3 × 50 µl) and evaporated to dryness. The residue was re-dissolved in 10 μl of methoxyamine hydrochloride (20 mg/ml in Pyridine) and subsequently shaken for 90 min at 30ºC. Then 90 μl of N-methyl-N-trimethylsilyltrifluoroacetamide (MSTFA) with 1% trimethylchlorosilane (TMCS) was added, and the mixture was shaken at 37ºC for 30 min for trimethylsilylation of acidic protons to increase volatility of metabolites. Fatty Acid Methyl Esters (FAME) markers [a mixture of internal Retention Index (RI) markers was prepared using fatty acid methyl esters of C 8 , C 10 , C 12 , C 14 , C 16 , C 18 , C 20 , C 22 , C 24 , and C 26 linear chain length, dissolved in chloroform (HPLC) at a concentration of 0.8 mg/ml (C 8 -C 16 ) and 0.4 mg/ml (C 18 -C 26 )] was added. [20] Analytical methods GC-MS analysis GC-MS analysis was carried out following the method of Kind et al. [20] after modification. [21] HP-5MS capillary column (Agilent J & W; GC Columns (USA) (length 30 m plus Duraguard 10 m, diameter 0.25 mm narrow bore, film 0.25 μm) was used. Injection was made in sandwich mode with fast plunger speed without viscosity delay or dwell time. The analysis was performed under the following oven temperature programme: oven ramp 60°C (1 min hold) to 325ºC at 10ºC/min; 10 min hold before cool-down, 37.5 min run time. The injection temperature was set at 250ºC, the MS transfer line at 290ºC, and the ion source at 230ºC. Helium was used as the carrier gas at a constant flow rate of 0.723 ml/min (carrier linear velocity 31.141 cm/sec). Samples (1 μl) were injected via the split mode (Split ratio 1:5) onto the GC column. Prior to analysis, the method was calibrated with the FAME standards available with the Fiehn GC /MS Metabolomics library (2008) (Agilent Chem Station, Agilent Technologies Inc., Wilmington, USA). Identification of the metabolites was carried out by comparing the fragmentation patterns of the mass spectra and retention times (Rt) with entries of mass spectra and retention time in Agilent Fiehn Metabolomics library using Agilent retention time locking (RTL) method. Fiehn retention indices (RI) were also compared. Automated mass spectral deconvolution and identification system (AMDIS) was used to deconvolute GC-MS results and to identify chromatographic peaks.
α-Glucosidase inhibitory activity α-Glucosidase inhibitory activity was measured following the modified methods of Kwon et al. [22] α-Glucosidase (e.g., microorganism) solution (0.006%) was prepared in 0.02 M phosphate buffer (pH 6.3). In each test, 0.034 ml of aqueous extract of fruit, 0.11 ml of Phosphate Buffer (pH 6.3), and 0.034 ml of enzyme were mixed. After 1 h of incubation at 25°C, 0.17 ml of p-nitrophenyl-α-Dglucopyranoside was added. Again the reaction mixtures were incubated at 30°C for 30 min. The enzyme reaction was stopped by adding 0.5 ml of 1(M) Na 2 CO 3 solution. Blank set consisted of 0.034 ml of buffer instead of enzyme. Individual blanks were prepared for correcting the background absorbance. The control set contained 0.034 ml of distilled water instead of fruit extract. The Optical Density was measured at 405 nm spectrophotometrically. The percentage inhibition of α-glucosidase inhibitory activity by plant extract was calculated using the formula [(Ao-Ae)/Ao] x100 (Ao = Absorbance without extract; Ae = absorbance with extract).
α-Amylase inhibitory activity α-Amylase inhibitory activity was measured following the modified method of Bernfeld [23] as mentioned in Das et al. [21] The reaction mixture consisted of 0.025 ml of aqueous extract of fruit and 0.05 ml of enzyme (ex. porcine pancreas) (0.2 ml of 0.003 % solution) dissolved in 0.02 M phosphate buffer (pH 6.9). After incubation at 37°C for 20 min, 0.025 ml of starch was added, and the mixture was again incubated at 37°C for 3 min. Then 0.05 ml of DNSA was added, and the tube was well plugged and heated at 100°C in water bath for 5 min. Distilled water (1 ml) was added after cooling, and then the absorbance was measured at 540 nm spectrophotometrically. The percentage inhibition of α-amylase activity by plant extract was calculated as [(Ao-Ae)/Ao] x100 (Ao = Absorbance without extract; Ae = absorbance with extract).
Determination of antioxidant activity
DPPH radical scavenging activity
The antioxidant activity of the extracts on the basis of scavenging the stable 1, 1-diphenyl-2picrylhydrazyl (DPPH) free radical was determined following the method described by Braca et al. [24] Aqueous /methanolic extract (0.1 ml) was added to 3 ml of 0.004% MeOH solution of DPPH. Absorbance at 517 nm was determined after 30 min, and the percentage inhibition activity was calculated as [(Ao-Ae)/Ao] x 100 (Ao = Absorbance without extract; Ae = absorbance with extract).
Superoxide radical (O 2
−. ) scavenging activity Superoxide radical scavenging activity was measured in the riboflavin-light-nitro blue tetrazolium (NBT) system [25] as mentioned before. [26] Each 3 ml reaction mixture contained 50 mM phosphate buffer (pH 7.8), 13 mM methionine, 2 μM riboflavin, 100 μM EDTA, NBT (75 μM), and 1 ml sample solution. The production of blue formazan was followed by monitoring the increase in absorbance at 560 nm after 10 min illumination from a fluorescent lamp.
Total antioxidant capacity
The assay is based on the reduction of Mo (VI) to Mo (V) by the extract and subsequent formation of a green phosphate/Mo (V) complex at acid pH. [27] The reaction mixture consisted of 0.1 ml sample solution and 1 ml of reagent solution (Phosphate buffer, sulphuric acid, and ammonium heptamolybdate in a ratio of 4:3:3). Total antioxidant capacity (TAC) was measured as equivalent to ascorbic acid.
Statistical analysis
All the experiments were performed thrice. Mathematical calculations like means and standard deviations were calculated from replicas within the experiments, and analyses have been done using Microsoft Excel 2007. In GC/MS data analysis, the relative response ratios of all the metabolites, which are routinely described for comparison, were calculated after normalizing the peak areas of the compounds by extract dry weight and by the peak area of the internal standard adonitol. [28] The metabolite profile was statistically analyzed by Tukey method to compare between groups (FM, SI, SII).
Results and discussion
Profiling metabolites from P. sylvestris mesocarp tissue Metabolites present in the methanol extract (FM) of the fruit mesocarp as well as in the extracts after alkaline hydrolysis (SI and SII) were profiled using GC/MS analysis. Total 71 metabolites (15 organic acids, 8 amino acids, 5 sugars, 7 sugar alcohols, 13 fatty acids, 20 phenolic compounds, and 3 other components) were identified from the fruit mesocarp (Table 1) . FM consisted mainly of the organic acids, amino acids, sugars, sugar alcohols, some fatty acids, and a few phenolic compounds. SI fraction was rich in different fatty acids and phenolic compounds. SII fraction was rich in phenolic compounds. FM contained all the sugars. The sugar alcohols, except glycerol, 1-hexadecanol, and xylitol, were mainly present in that fraction. 4-Guanidinobutyric acid, gluconic acid, lauric acid, palmitic acid, and stearic acid were detected in FM fraction. Palmitic acid and stearic acid are the fatty acids present in high amount in SI. FM contains only two phenolic compounds (e.g., 2-amino-3-methoxy benzoic acid and catechin). SI and SII were rich in phenolic constituents. Major components of these fractions were caffeic acid, 3,4-dihydroxybenzoic acid (protocatechuic acid), 3, 4-dihydroxy phenyl acetic acid, ferulic acid, 4-hydroxybenzoic acid, 4-hydroxycinnamic acid, 4hydroxy 3-methoxy benzoic acid, 2-hydroxy-2-napthoic acid, piceatannol, quinic acid, shikimic acid, and taxifolin.
A few fatty acids were present in the free form which could be detected in FM. After mild saponification, the fatty acids combined in complex molecules were made free. That is why higher amounts of fatty acids could be detected in SI fraction. Higher level of glycerol, after saponification, was detected in SI. This is probably due to hydrolysis of lipids and liberation of this sugar alcohol. A larger number of phenolic compounds were detected in SI and SII after saponification due to liberation of cell wall bound phenolics.
α-Glucosidase and α-amylase inhibitory activities α-Glucosidase and α-amylase inhibitory activities in the three extracts FM, SI, and SII were measured. All the fractions inhibited the carbohydrate digesting enzymes in a dose dependent manner. IC 50 values (the concentrations required for inhibition of the enzyme activities by 50%) of the three different extract fractions were compared in Fig. 1 . The SII fraction showed the highest α-glucosidase (IC 50 = 3.18 µg/ml) and α-amylase (IC 50 value = 140.4 µg/ml) inhibitory activities. SI fraction showed very high α-glucosidase inhibition (IC 50 value = 21.62 µg/ml) but no α-amylase inhibition in the concentration range within which the experiments were carried out. On the other hand, the FM fraction showed lowest α-glucosidase and α-amylase inhibition activities. IC 50 values for α-glucosidase and α-amylase inhibitions were 134.21 µg/ml and 306.14 µg/ml, respectively, in the FM.
The activities of some of the metabolites detected from the FM, SI, and SII fractions were studied against the enzymes α-glucosidase and α-amylase. Those metabolites were three sugars (raffinose, sucrose, and trehalose) and seven phenolic components (caffeic acid, 3, 4-dihydroxy benzoic acid, 4-hydroxybenzoic acid, ferulic acid, 4-hydroxycinnamic acid, taxifolin, and quinic acid). The sugars inhibited only the enzyme α-amylase. Highest activity was observed in raffinose. All the phenolic compounds, except ferulic acid and 4-hydroxycinnamic acid, inhibited the enzyme α-amylase. Ferulic acid and 4-hydroxycinnamic acid inhibited only αglucosidase. The phenolic metabolites, except benzoic acid and taxifolin, inhibited α-glucosidase. IC 50 value for α-amylase inhibitory activity was lowest in 3, 4-dihydroxy benzoic acid indicating highest activity of this metabolite than the others. Other metabolites showed αamylase inhibitory activities in the following decreasing order (e.g., taxifolin, caffeic acid, benzoic acid, quinic acid). Highest α-glucosidase inhibition was noticed with hydroxycinnamic acid followed by ferulic acid, caffeic acid, 3,4-dihydroxy benzoic acid, and quinic acid ( Table 2 ). Fatty acids have previously been reported to have such inhibitory properties against the enzymes α-glucosidase and α-amylase. Oleic acid, linoleic acid, and palmitic acid [29, 30] were reported to have potent glucosidase inhibitory properties. The phenolic metabolites showed glycosidase inhibitory properties during the present study. Catechin was previously reported to have anti-amylase and antiglucosidase properties. [31] Higher glycosidase inhibitory properties of SI and SII fractions are probably due to the presence of higher concentrations of fatty acids and phenolic compounds in those fractions than that of the methanol soluble fraction.
Inhibition of carbohydrate digesting enzymes α-amylase and α-glucosidase decrease post-prandial hyperglycemia or raised blood sugar related to type 2 diabetes. [22] Synthetic α-glucosidase inhibitor voglibose has side effects on the small intestine. [32] So search for antidiabetic potential of plants and phytochemicals has received attention for the treatment of such disease with many eventual complications. Antidiabetic potential of many edible plants, [33] [34] [35] [36] and grains [37, 38] are in report. Fruit extracts and their metabolites are also reported to inhibit α-amylase and α-glucosidase. [15, 21, 39] This study showed the antidiabetic potential of P. sylvestris fruits and the sugar and phenolic metabolites through inhibition of the carbohydrate digesting enzymes. 
Antioxidant activities
Methanol extract and extracts after saponification scavenged DPPH radical in dose dependent manner, IC 50 values being 0.14 mg/ml ± 0.001, 0.27 mg/ml ± 0.003 and 0.22 mg/ml ± 0.001 for FM, SI, and SII, respectively. The extracts also scavenged superoxide radical in concentration dependent manner. The IC 50 values of FM, SI, and SII were 0.55 mg/ml ± 0.02, 0.45 mg/ml ± 0.002, and 4.44 mg/ml ± 0.038, respectively, for scavenging superoxide radical. Methanol extract showed highest ascorbic acid equivalent total antioxidant capacity ( Table 3 ). Antioxidant activities of some of the phenolic compounds identified in the extracts were also measured ( Table 3) . Ferulic acid, caffeic acid, 4-hydroxycinnamic acid, and 3,4-dihydroxybenzoic acid scavenged superoxide radical which initiates generation of harmful reactive oxygen species. The antioxidant activities of different extracts of P. sylvestris fruit mesocarp were due to the presence of these phenolic constituents. Reactive oxygen species induce oxidative damage of biomolecules and accelerate different oxidative stress induced diseases [40] [41] [42] [43] including diabetes. Antioxidant properties of edible plants, leafy vegetables, and flowers were reported earlier from the laboratory. [44] [45] [46] Now we report antioxidant potential of metabolites present in P. sylvestris fruit mesocarp tissue. Indigenous fruits have antioxidant properties. [47, 48] This study suggested the potential health beneficial effect of P. sylvestris fruit through prevention of formation of free radicals. The underutilized fruits of P. sylvestris could be used as a food ingredient because of the important biological activities determined during the present study. Increased consumption would help improve the economic conditions of the farmers in the rural areas.
Conclusions
The present study demonstrates the potential antioxidant, α-glucosidase, and α-amylase inhibitory activities of P. sylvestris fruit mesocarp due to the presence of the phenolic compounds and sugars detected in the mesocarp tissue. This in vitro study showed that the sugars (e.g., raffinose, sucrose, and trehalose) inhibited α-amylase. Caffeic acid, 3,4-dihydroxy benzoic acid, and quinic acid inhibited both the carbohydrate digesting enzymes. Benzoic acid and taxifolin inhibited only αamylase. Ferulic acid and 4-hydroxycinnamic acid inhibited only α-glucosidase. The phenolic compounds were also responsible for the antioxidant properties. So it can be concluded that P. sylvestris fruits have potential health beneficial properties. 
